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By EDWARD HINDLE. (The Beit Memorial Fellow in Tropical Medicine.) General.-The close approximation of monkeys, especially the higher apes, to man, renders them very favourable subjects for the study of human diseases, and this is particularly evident in the case of those caused by filterable viruses, some of which cannot live in any other kind of host. This might reasonably lead to the assumption that monkeys in the wild state would be susceptible to the virus diseases affecting man; yet, with the exception of rabies, there seems to be very little direct evidence in support of this. It may be only the result of ignorance, however, for Balfour (1915) records that in Trinidad the old negroes say that epidemics of yellow fever in the island are always preceded by the deaths of large numbers of red howler monkeys in the woods. This was certainly the case before the last epidemic, as the numbers of dead howler monkeys were noticed by trained observers. It is also on record that in 1828, when yellow fever raged in Gibraltar, the local monkeys died in large numbers. Hitherto the susceptibility of these species to yellow fever has not been tested, but in West Africa all the local species of monkeys, including the chimpanzee, are definitely immune to the infection. Moreover, this immunity is natural and not acquired, therefore there is no experimental suppoIt for the oftenexpressed view that local monkeys may serve as natural reservoirs of this disease.
With reference to other virus infections, it is possible that monkeys play some part in their dissemination, but, with the exception of the Indian macaques, they so rarely come in contact with man that their importance in this connexion must be very subordinate to that of domestic animals.
In the case of rabies, monkeys are liable to the infection, and in coimmon with dogs, wolves and a variety of other animals, may serve as a reservoir for the virus, but according to Lt. At the end of 1927 Stokes, Bauer and Hudson (1928) , working in Lagos, made the important discovery that Macacus rhesus, and to a lesser degree, MIacacus sinicus, could readily be infected either by the bites of infected mosquitoes, or the direct inoculation of blood or organs containing the virus. Once obtained a strain can easily be maintained in monkeys, and the strain I am usinghas been kept in the laboratory for nearly a year without showing any obvious changes in its virulence.
Subsequently other species of monkeys have been infected, such as Macacu.s cynomolguts and Macacus speciosuts, but the susceptible animals are invariably Asiatic, and hitherto all attempts to infect Cercopitheus, baboons, "nd even chimpanzees, all African species, have failed. The capricious nature of animal susceptibility is well exemplified in Macacus rhesius and the closely related Macacus sinicus. The former can readily be infected with yellow fever and almost invariably succumbs to it, whilst the latter is much more resistant, often recovers, and cannot be used for the successful maintenance of a strain.
Another peculiar feature of experimental infections is the apparent lack of correlation between virulence in man and in monkeys; in fact there is a suggestion, based on very few experiments, that mild cases of the disease are more favourable than the severe ones for producing infection in monkeys. Thus Aragao, in Brazil, produced fatal infections in monkeys by inoculating them with blood from two Very benign cases, whilst three monkeys inoculated with blood from a very severe attack, fatal on the third day, remained uninfected. Similar results have been obtained in Africa, for the Asibi strain used by Stokes, Bauer and Hudson (1928) was isolated from a native who merely showed fever for two days with no obvious symptoms of yellow fever, yet this strain has shown a high degree of virulence in monkeys. On the other hand, a strain derived from a very severe fatal attack in a European produced such mild infections and so many failures that its maintenance was abandoned. The strain used by the author, which has produced almost constantly fatal infections in monkeys, was isolated from a Syrian at Dakar whose case was so atypical that the original diagnosis of yellow fever was thought to be incorrect (Sellards and Hindle, 1928) . In spite of these results, however, there has been abundant proof that the virus maintains its virulence for man, even after many passages through monkeys, for at least six laboratory infections have occurred within .the past eighteen months, five of which were certainly acquired from infected monkeys. The fact that the virus can pass through the unbroken skin of the monkey, as shown by Bauer and Hudson (1928) , indicates the probable route of infection in these cases.
The course of the disease in monkeys generally consists of an incubation period of three to four days, then two or three degrees' rise in temperature for two days followed by a sudden drop to subnormal, with collapse and death. During the febrile period, albumin, granular and hyaline casts appear in the urine, and finally bile in the serum. Spontaneous bleeding of the gums is seen occasionally, and rarely " black vomit." In some cases jaundice can be detected with difficulty, but the only certain method of recognizing the disease is by the post-mortem appearances, as occasionally even the temperature curve may give no indication of the infection.
Yellow fever in monkeys produces pathological changes almost identical with those observed in human cases of the disease, but the infections differ markedly in one feature, namely, in man the virus seems to disappear from the blood (probably also from the internal organs) after the first three days of fever, whilst in monkeys the infection progresses until death. Consequently the organs of human subjects dead from yellow fever do not seem to contain virus (Aragao, 1928) , whilst the blood and organs of monkeys dead from this infection are extremely virulent, the liver, and spleen kidney often containing 10,000 to 100,000 minimum lethal doses per gramme.
As a direct result of the study of yellow fever in monkeys a method of vaccination lhas been discovered (Hindle, 1928 and 1929) which confers a high degree of protection against the disease in monkeys and has also been used with success in the recent epidemic in Rio de Janeiro, Brazil (Aragao, 1928) . This vaccine consists of either a formalinized or a phenol-glycerine suspension of the liver and spleen of an infected monkey, killed when the temperature has become subnormal and the animal is in extremis. This vaccine has been adopted by the Public Health Department of Brazil, and the Colonial Office have made arrangements to give it a trial in our West African colonies. There seems every hope of this vaccine furnishing a valuable method of protection against yellow fever, which hitherto has depended entirely on incessant anti-mosquito campaigns.
Poliomyelitis.-The experimental transmission of this disease to monkeys was first recorded by Landsteiner and Popper (1909) , who succeeded by means of the intraperitoneal inoculation of the spinal cord from two fatal cases of poliomyelitis. Flexner and Lewis (1909) , using inoculations direct into the brain, were able not only to reproduce the disease in monkeys, but also to carry on the infection in these animals. Once it has become established, the subdural injection of a suspension of thle spinal cord, and ultimately of the cortex, is sufficient, and in this way the disease has been passed through several hundred monkeys. In each succeeding passage in monkeys the mortality rises until nearly every animal experimentally infected dies from respiratory paralysis, as in severe human cases. With this increase in virulence the dose required to produce infection gradually diminishes until only 0-001 c.c. of a 5 per cent. suspension of the spinal cord is sufficient. The virulence of the virus persists for several years, then gradually diminishes, but the virulence is renewed after further passage. These fluctuations in virulence may have some bearing on the epidemiology of poliomyelitis.
As in yellow fever, the pathological and clinical aspects of the human disease are closely simulated by monkeys infected with experimental poliomyelitis. After an incubation period, usually six to nine days, the monkey becomes excitable and tires easily, also the fur is ruffled-a general feature of illness in these animals. Within a few hours ataxia develops, which gradually merges into definite flaccid paralysis, and facial paralysis appears. Paralysis extends until most of the voluntary muscles are involved and the monkey is prostrate. The temperature becomes subnormal, and the animal generally dies after being in this condition about three days. If the monkey recovers, as a result of careful nursing, or the administration of immune serum, the voluntary muscles which do not return to normal become atrophied as in human cases of the disease.
Hitherto the monkey is the only animal which has been experimentally infected with poliomyelitis, and our knowiedge of the peculiar properties of the virus of this disease has been derived exclusively from the use of these animals.
Measles.-Anderson and Goldberger (1911) seem to have been the first authors to reproduce this disease in monkeys, although Hektoen (1905) claimed to have obtained similar results by the inoculation of ascitic broth blood-cultures from patients in the early stages of the disease. Nicolle and Conseil (1911) also reported successful inoculation into these animals and further passage from monkey to monkey. Although other investigators recorded similar observations the evidence is not very conclusive. Blake and Trask (1921) by the intratracheal injection into rhesus mnonkeys of naso-pharyngeal washings from cases of measles, in the preeruptive and early eruptive stages of the disease, reproduced a constant group of 29 825 symptoms closely resembling the course of the disease in human beings. The nasopharyngeal washings could also be passed through a Berkefeld N filter and still produce the infection, showing that it was not dependent on the organisms of the mouth flora. The disease was successfully transmitted from one monkey to another, and subsequent experiments showed that recovered animals are immune against re-infection, either from another monkey or from human beings. It is evident, therefore, that experimental measles in the monkey closely resembles measles in man, not only in its pathological features, but also in the immunity acquired after an attack. Other Viruts Diseases.-Monkeys are favourable hosts for many other filterable viruses in addition to the three mentioned above, but as a general rule it is possible to infect other species of animals more convenient to use in the laboratory. Amongst the virus diseases of this nature are small-pox, rabies, typhus fever, Rocky Mountain fever, Japanese river fever, trachoma, and Oroya fever, etc. When it is desired to study the clinical manifestations of these diseases, in some cases monkeys are preferable to other hosts, since the course of infection approximates more closely to that in man. For the experimental study of such diseases as poliomyelitis and yellow fever, however, monkeys are essential, as no other host is known to be susceptible.
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